Pollination is critical for food production and has the particularity of linking natural ecosystems with agricultural production systems. Recently, losses of bumblebee species have been reported worldwide. In this study, samples from a commercial exploitation of bumblebees of Argentina with a recent history of deaths were studied using a multiplex PCR for the detection of the honey bee viruses most frequently detected in South America. All samples analysed were positive for co-infections with Deformed wing virus, Black queen cell virus and Sacbrood virus. This is the first report of infection of Bombus atratus with honey bee viruses. A better understanding of viral infections in bumblebees and of the epidemiology of viruses could be of great importance as bumblebees can serve as possible viral reservoirs, resulting in pathogen spillover towards honey bees and native bumblebees.
Introduction
Pollination is due mainly to the action of different insects, such as the bumblebee and the honey bee. This process is critical for food production and has the particularity of linking natural ecosystems with agricultural production systems (Klein et al., 2007) . Any of the members of the 240 species of the bee genus Bombus is considered a bumblebee (Abrahamovich and Díaz, 2001 ). Bumblebees are social insects characterised by black and yellow body hairs often in bands, although some species, such as Bombus atratus, are entirely black. In Argentina, only eight species have been described and Bombus atratus, Bombus morio and Bombus bellicosus display the most widespread distribution. However, Bombus atratus is the most abundant, probably because it is tolerant to different climates and altitudes (Plischuk et al., 2009) . In recent years, bumblebees have been increasingly used in agriculture as pollinators because they can pollinate plant species that other pollinators cannot, by using a technique known as buzz pollination. For example, bumblebee colonies are often placed in tomato production greenhouses, because the frequency of buzzing exhibited by a bumblebee releases tomato pollen effectively. As a consequence, bumblebees are transported worldwide resulting in pathogen spillover from bumblebees that escape from the greenhouse facilities (Colla et al., 2006) . Differ-ent bee pathogens have been detected in bumblebees. These include the honey bee parasite Nosema ceranae (Plischuk et al., 2009 ) and some viruses like Acute bee paralysis virus (ABPV) (Bailey and Gibbs, 1964) , Kashmir bee virus (KBV) (Ward et al., 2007) and Deformed wing virus (DWV), reported in Bombus terrestris and Bombus pascuorum in Germany in 2006 (Genersch et al., 2006) . In recent years, losses of bumblebee species have been reported worldwide (Williams and Osborne, 2009) and, in this sense, Plischuk et al. (2009) described the presence of Nosema ceranae in bumblebees in Argentina.
Recently, we were alerted by a bumblebee producer that several colonies in Buenos Aires Province (Argentina) were dying. The bumblebee sample belonged to a commercial endeavour dedicated to producing colonies for pollination. These colonies were developed in an isolated place in an attempt to avoid contact with chemicals. A first study indicated that all samples of these bumblebees were negative for Varroa destructor mites and Nosema ceranae. Therefore, the aim of this study was to investigate whether honey bee viruses could be affecting those bumblebee colonies.
Materials and Methods
Twenty samples (consisting of 40 adult worker bumblebees each) from a total of 210 colonies of bumblebees used as pollinators in greenhouse tomato production in Buenos Aires Province were used in this study. Samples were taken directly from colonies affected with mortality but without specific symptoms. Ten samples were collected in April 2011 and another ten in June 2011 in order to be screened for the detection of the honey bee viruses most frequently detected in South America. All samples were stored at -70°C until they were processed. Fifteen bumblebees randomly selected from each sample were crushed in stomacher bags with 2 mL of phosphatebuffered saline. After homogenisation, the samples were centrifuged for 15 min at 1500xg and total RNA was extracted using 500 mL of Trizol reagent and mixed with 500 mL of the supernatant previously obtained. The mixture was extracted with 220 mL of chloroform. After centrifugation at 12000xg for 10 min, the RNA contained in the aqueous solution was precipitated by adding an equal volume of isopropanol. The precipitated RNA was collected by centrifugation at 12000xg for 10 min, washed with 70% ethanol and dissolved in 50 mL of RNase-free water. Then, 5 mL (approximately 3 mg) of total RNA extracted was used for synthesis of complementary DNA (cDNA). This reaction was carried out using the enzyme of the Moloney Murine Leukemia Virus (Promega Madison, Wisconsin. USA) under conditions specified by the supplier and using 40 ng of a mixture of random primers. A multiplex polymerase chain reaction (mPCR) developed was carried out for the detection of each virus. For amplification of Israeli acute paralysis virus (IAPV), a previously published primer pair (Reynaldi et al., 2011) was used and for the other six viruses, specific primer pairs were designed (Table 1 ). The mPCR reaction was performed in a final volume of 25 mL. Then, 5 mL of cDNA was added to a reaction mixture containing 2.5 mL of 10X buffer (75 mM TrisHCl pH 8.8, 20 mM (NH 4 ) 2 SO 4 , 0.01% Tween 20), 0.75 mL of 10 mM dNTp mixture, 1.5 mL of MgCl 2 , 0.5 mM of each primer, 13.75 mL of RNase-free water and 0.5 mL (2.5 U) of Taq DNA polymerase. Two negative mPCR controls were used: 1) sample prepared by excluding the cDNA from the reaction and 2) negative samples from honey bees previously analysed in this laboratory. Positive controls were taken from honey bee positive samples detected in previous studies except for 
Results and Discussion
All the samples of bumblebee analysed were positive for co-infections with DWV, BQCV and SBV (Figure 1 ), which visually run the same as our the positive controls (Figure 2 ). Co-infections of these three viruses have already been detected in forager honey bees (16,9%) and only 1.5% in pollen samples (Singh et al., 2010) . Our samples tested negative for ABPV and KBV viruses, commonly associated with varroa infestation in honey bees (de Miranda et al., 2004) , and for CBPV and IAPV. BLAST results confirmed the identity of the mPCRamplified sequences. Specifically, DWV showed 99% of homology with the DQ224309 sequence, BQCV 98% of homology with the GU108221 sequence and SBV 99% of homology with the AY152712 sequence. Genersch et al. (2006) found DWV infection in other bumblebees correlated with wing deformities, suggesting a broader host specificity of this virus and a switch to a new host species. In this way, they explained the perfect correlation between DWV infection and wing deformities. In contrast, our most relevant finding was the detection of DWV, without signs of wing deformities. All these bee viruses have been widely detected in Buenos Aires province (Reynaldi et al., 2010 and unpublished data) . Furthermore, in other South American countries, some honeybee viruses have been detected, such as BQCV, DWV and ABPV in Brazil (Teixeira et al., 2008) and DWV, SBV, BQCV, ABPV and CBPV in Uruguay (Antúnez et al., 2006) . This suggests that DWV could have switched from honey bees to bumblebees in Argentina some time ago. In this way, Li et al. (2011) suggest that the high mutation rate of the RNA virus in conjunction with the geographic proximity between the bumblebees and honey bees and the high contact rate of foragers at food sources (pollen) would provide high adaptability for host shift of DWV in nature. Even more, we detected BQCV and SBV in the samples studied. SBV affects the brood of honey bees, and it occurs mostly as a mild infection, which kills only a few larvae, but it can be more severe. Few hives die out as a direct result of it, but many are weakened to an extent where they succumb to other threats. This situation couldoccur with similar effects on the colonies of bumblebees, causing their death. In this way, other authors suggest the importance of flowers in the transmition of several pathogens, such as Crithidia bombi and Nosema bombi (Colla et al., 2006) and honey bee viruses (Singh et al., 2010) .
In summary, the findings described here demonstrate the first report of infection of Bombus atratus with DWV, SBV and BQCV in commercial bumblebee colonies of Argentina. These results indicate that the knowledge of viral infections in bumblebees is of great importance because they can serve as possible viral reservoirs, resulting in pathogen spillover towards honey bees and native bumblebees. A better understanding of the epidemiology of viruses is vital to know the dynamics of virus outbreaks and may shed light on the current crisis of the worlds pollinators.
